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We present results from a systematic perturbative investigation of taste-changing in improved staggered quarks. 
We show one-loop taste-changing interactions can be removed perturbatively by an effective four-quark term and 
calculate the necessary coefficients. 



1. INTRODUCTION 

1.1. Motivation 

Accurate lattice simulations of the Standard 
Model require three light flavours of dynami- 
cal quarks. The Improved Staggered-quark for- 
malism is the only one capable of delivering 
large numbers of configurations with small quark 
masses anytime in the near future. This for- 
malism, however has many non-degenerate pions 
whose masses do not vanish for zero quark mass. 
The residual masses come from mixing between 
the staggered copies of the quarks, and vanish 
like a^. 

Nai've staggered quarks suffer from poorly con- 
vergent perturbative expressions and large pion 
splittings which can be suppressed by the use 
of fat links ||l|. Staggered quarks which are 
improved to 0{asa'^ ,a'^) |^ significantly reduce 
splittings in the pion spectrum and have small 
renormalisations [Q . A related scheme with small 
pion spHttings is the HYP action 

To further reduce these undesirable splittings 
there are three alternatives: (I) to reduce a at 
considerable cost; (II) to correct for them us- 
ing modified chiral perturbation theory or 
(HI) to further improve the quark action. In this 



work we show how to quantify and reduce the 
effects of these interactions by further improve- 
ment. Firstly we look at taste-changing in nai've 
quarks where one has physical intuition and the 
calculation is easier, then we convert to staggered 
quarks and present our results and conclusions. 

2. TASTE-CHANGING 

2.1. Nai've Quarks 

Nai've quarks have an exact symmetry: 



quark(p ~ 0) = quark(p C7r/a) 



(1) 



where C = (1,0,0,0), (1,1,0,0), ... giving 16 
degenerate copies of every quark, one in each cor- 
ner of the Brillouin zone. These doublers can mix 
by exchanging a very hard gluon as shown in fig- 
ure |l|. This gluon is highly virtual with momen- 
tum 0(7r/a) and thus the quark-quark interaction 
is effectively a purely perturbative contact inter- 
action at typical lattice spacings. 

The tree-level interaction of figure |l| was un- 
derstood and completely removed with the im- 
proved staggered action by using smearing to 
suppress high-momentum gluon emission from 
quarks 0,^. To further reduce the splitting 
we turn to one-loop taste-changing diagrams of 
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teractions to get the most general counter-terms: 



(4) 



Figure 1. Generic tree- level taste-changing dia- 
gram for masslcss nai've quarks 



which there are five for massless quarks. Each 
quark line has an odd number of gamma-matrices 
and therefore the spinor structure must be a com- 
bination of J^,"f5f_i', while the colour structure is 
singlet or octet. In principle there is a different 
coefficient for every current contact interaction 
between all combinations of the four corners of 
the Brillouin zone, 16* in total, although momen- 
tum conservation eliminates some. The doubling 
transformation can be applied separately to each 
quark line, however, and along with rotational in- 
variance leaves only four independent interactions 
labelled by in each of the two spinor and two 
colour channels. 

2.2. One-loop Corrections 

The calculations are easiest using (improved) 
nai've quarks, and nai've quark operators are eas- 
ily converted to the familiar spinor®taste stag- 
gered operators. Ignoring gluons we have charge 
eigenstatc currents: 



(2) 



where n, s are 4-vectors of O's and I's (like C), 
^^T.v^f,Sy (mod 2), 



where the sum is over all one- and three-link cur- 
rents which are Hermitian taste non-singlets with 
colour singlets and octets. Adding these terms 
to the tree-level action will cancel the one-loop 
taste-changing and suppress the pion splittings by 
about one power of a^. The coefficients for im- 
proved staggered quarks with improved glue are 
shown in table |^; all are around 1, decreasing with 
C^, but the final column is zero at this order. 

3. New Staggered Quark Actions 

This calculation gives us a tool to perturba- 
tively investigate the taste-changing in tree-level 
actions. We investigated several significant mod- 
ifications to the improved staggered quark action 
to try and reduce those coefficients and thereby 
avoid some or all of the four-quark operators. We 
tried partial re-unitarisation, adding an irrelevant 

term, and smearing the Lepage term from to 

(1 -f aA+ — aA~)^. The best modification was 
this Broadened Lepage Term [BLT] which reduces 
to negligible the more expensive "3-Link" contact 
terms as shown in the lower half of table |[ Some 
early simulation results for pions splittings with 
this action are already available |^ . 

To go further and remove the remaining one- 
loop taste-changing terms requires implementing 
the contact terms in a simulation. Each four- 
quark operator can be individually removed in a 
simulation with the following trick: 



AC = icJcj) ' 



1 



AC 



1 



(5) 



n (7.)"^ 



(3) 



with Axns = n + s (mod 2) and t] a phase factor 
for hermiticity. The n(E)s current corresponds to 
na'ive momentum transfer C^^/a = sir /a. Armed 
with our map we can translate all the na'ive in- 



because the scalar field (f) is non-propagating. 
This addition requires (8-1-1)^ (j)'s per lattice site, 
but icJ4> terms are all one-link currents like the 
action, and can be easily accumulated in the cal- 
culation of the improved action with no change to 
the inverter. However the coefficients are imagi- 
nary and therefore may cause positivity problems 
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Table 1 
Coefficiciits of 
terms for the 
proved Glue. 



one-loop taste-changing counter- 
Improved Staggered action, Im- 



because icJcp will be Hermitian unlike the rest of 
the quark action, in which case simulation with 
real coefficients and without allows extrapolation 
in the amount of taste-changing. 

4. Summary 

Taste-changing interactions are now well un- 
derstood and can be reduced. We recommend 
the Improved Staggered BLT action as a better 
tree-level improvement. One- loop corrections al- 
low alteration of the amount of taste-breaking ei- 
ther to reduce it or to quantifiably estimate the 
errors it induces. Comparison perturbative and 
simulation results with the extra one-loop terms 
vs the HYP action are expected soon. 

Acknowledgement 

QM and GPL are supported by the National 
Science Foundation under Grant No. PHY- 
0098631, HDT by the Natural Sciences and Engi- 
neering Council of Canada, and JH, CD and EF 
acknowledge European Community's Human po- 
tential programme under HPRN-CT-2000-00145 



1 


0.9471 


0.5251 0.6921 


2 


0.4331 


0.3971 0.3161 


3 


0.2811 


0.2491 0.2071 


4 


0.1461 


0.1051 






3-Llnk 


1 


0.1401 


0.1731 0.1021 


2 


0.0841 


0.0831 0.0611 


3 


0.0611 


0.0891 0.0441 


4 




0.0691 



Table 2 

Coefficients of one-loop taste-changing counter- 
terms for the Improved Staggered action with 
Broadened Lepage Term [BLT], Improved Glue. 



Hadrons/LatticeQCD. 



REFERENCES 



T. Blum et al, P hys. Rev. D 55 (1997) 1133, 
[hcp-lat/9609036|.' 

G. P. Lepage, Phy s. Rev. D 59 (1999) 074502, 
[ |hep-lat/9809157 |. 

D. Toussaint, Nucl. Phys. Proc. Suppl. 106 



(2002) 111, |hcp-lat/0110010 |. 
J. Hein, Q. Mason, G. P. Lepage and H. Trot- 
ticr, Nucl. Phys. P roc. Suppl. 106 (2002) 236, 
| hep-lat/0110045[ , als o W. Lee and S. S harpe 
in these proceedings, | hep-lat /0208036 |. 
A. Hasenfratz, plenary in these proceedings. 
W. J. Lee and S R. Sharpe, Phy s. Rev. D 60 
(1999) 114503, |hcp-lat/9905"023 |. 
C. Bernard [MILC Coll aboration], Phys Rev. 
D 65 (2002) 054031, Irep-lat/OlllOSlI, up - 
dated in these proceedings hep-lat /0209066 ] 
E. FoUana et al, these proceedings, hep- 



lat/0209122] 



